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INTRODUCTION

This report documents the relational database supporting the Destructive Evaluation of a Retired
Transport Aircraft. This database contains a large volume of data collected over the course this
research effort, including data from fractography, NDT inspections, and the full scale testing of
crown skin panels. This database complements a series of written reports that lead to a project
final report to be published at project’s end.

This database is anticipated to be the ideal tool to distribute the results of this research to the
industry. It is created in MS Access, a common PC application included in MS Office
Professional. MS Access is a relational database that interacts well with data created in MS
Word and MS Excel. The Database is designed to be distributed as a collection of data CD’s,
with most of the storage media dedicated to the photographs and NDT screen captures.

Because of the large volume of data collected, the most important feature of the user interface is
the capability for standard queries, parametric studies, and reports to filter data as needed. User
expertise in MS Access will not be required for typical use. However, users will be able to
design very sophisticated custom data queries, since MS Access includes a graphical query
builder and supports SQL statements.

This report provides an introduction and documentation of the database in four sections:

- Section 1 provides an overview of the database, including installation instructions, a data type
overview, and some critical nomenclature.

- Section 2 is a tutorial, walking the user step-by-step through the most important features of
the database and its user interface. This tutoria provides training to the new user, and also
provides a standard test script for beta testing during database devel opment.

- Section 3 is amore detailed look at the database structure. The fields for each of the primary
tables is discussed, as are the more significant queries and reports. For the beta-test version,
this section is provided for testers who wish to explore the database in depth beyond the
scripted tutorial.

- Section 4 is adiscussion of features that are planned for future versions of the database. This
section is only applicable during the workscope of this project; at final database release at the
end of the project, Section 4 will be removed.
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LIST OF COMMON ACRONYMS

DVI
FS
GVI
MOl
MS
NDI
OLE

SB
SEM
SQL
VB

Detailed Visua Inspection

Fuselage Station (Aircraft Coordinate System)
General Visua Inspection

Magneto-Optical Imaging

Microsoft Corporation

Non-Destructive Inspection

Object Linking and Embedding - Microsoft's framework for a compound
document technology

Service Bulletin

Scanning Electron Microscopy

Structured Query Language

Visual Basic

LIST OF COMMON FILE EXTENSIONS

*.jpg

* mdb
* . pdf
* tif

* txt
* xls

Joint Photographic Experts Group ( for compressed graphics, typicaly large
photographs)

Microsoft Access database

Adobe' s Portable Document Format (typically for large, read-only documents)
Tagged Image Format (for graphics, typicaly scans or other monochromatic
images)

Text (for unformatted text or numbers)

Microsoft Excel (for formatted tables of text or numbers)
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1 SYSTEM REQUIREMENTSAND INSTALLATION

The Database was created using MS Access for Windows 2000. The computer must have this
version or later of MS Access installed for the database to open. The database has been tested
successfully with MS Access 2002.

The MS Access database cannot run directly from the CD or any other read-only directory.
However, the mgority of the data can reside on a CD, and external hard drive, or the PC’s hard
drive.

The database only requires that the MS Access file be installed on the user's PC - the pictures and
documentation can reside on the CD's. All data for a section of the fuselage is together on the
same CD. The general project documentation and this report are on Disk 0.

1.1 MINIMUM REQUIREMENTS FOR DATABASE INSTALLATION

- Atleast 45 MB isrequired for aminimum installation.
a) A complete installation of the current version requires 3 GB.

b) It is expected that 10 GB will be required for complete installation of the final
version.

- Requiresinstalation of MS Access 2000 or higher, with its associated system requirements:
a) Personal computer with Pentium 75-MHz or higher
b) CD Drive
C) Disk Space: 30 MB
d) Ram: 128 MB for Windows XP plus8 MB for MS Access
- Requires applications to view attached files
a) Adobe Reader for documentation in Adobe’ s Portable Document Format (pdf).

b) MS Paint, MS Document Imaging, or other applications that can view
compressed graphics files in the Joint Photographic Experts Group (jpg) and
tagged image file format (tif) formats.

1.2 TOINSTALL AND RUN

Insert "Disk O: Database and Documentation” into the PC
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Copy thefile"727-Q11.mdb" to a convenient place on your computer (requires 45 Mb)

Graphics files are viewed in the application associated by Windows with the file extension. To
change the graphics viewer, change the application associated with “jpg” and “tif” extensionsin
MS Windows.

1.3 DATA TYPESINCLUDED

There are three broad data types collected by the database:

Tabular Data — Data stored as records within a table. These tables contain much the
numeric and textual data from this project, such as crack measurements, qualitative
indices, comments, and inspections results. Tabular data is stored within the MS Access
Database.

Graphic Data — Data stored as a graphics file. This data type consists primarily of screen
shots taken during NDT inspections, and photographs, stereo micrographs and
fractographs taken during damage characterization. Graphic data require a significant
amount of storage space, so only the pathnames to these files are stored within the
database tables. The graphicsfiles (typically *jpg or *.tif) are stored outside the database,
either on CD’s or on the user’s hard-drive.

Documentation Data — Data stored as a complete report document. Data of this type
includes the most current deliverable reports under this project’s work scope, including
this report. At final delivery, it will include reports of addressing all of the procedures,
analysis, results, recommendations, and conclusions resulting from this project. These
reports are stored in Adobe’s Portable Document Format (*.pdf). All documentation is
stored on Disk 0, and alink within the user interface leads to the documentation.
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1.4 NAMING CONVENTIONS

Each aircraft location related to data within the database has been identified with a standard
address termed the ShortCode. The ShortCode is the primary key in many of the database tables,
and it is through the ShortCode that all data for a specific location are linked.

Frame Station + AFS~Stringer + AStr~StructureDetail
9999+99.9~9A+9 9~AAA

/

« OS - Outer Skip * H- Cracked Hole

* LS - Lower Skin * E - Cracked Edge

* FM - Fr‘ame * R - Cracked Radius
« 8T - Str.mger + X - Other Crack
*CL- CllP * D - Disbond

* SP - Splice Strap S - Strain Gauge

+ TS - Tearstrap

+ OT - Other Structure

Distance to nearest stringer(2 numbers, including 1 decimal)

+ Below or - above stringer (1 character)

Nearest stringer above or below location (1 or 2 numbers, 1 letter except at 8-1)

Distance aft from frame (3 numbers, including 1 decimal)

Nearest fuselage frame, forward of location (3-4 numbers or letters)

Figure 1-1: Location Naming Convention

The first term of the ShortCode is the fuselage station forward of the location. Fuselage Stations
(FS) for the B727-200 are shown in Figure 1-2. FS numbers in the B727-100 simply reflect
inches aft of a forward datum, but with the additional fuselage plugs in the 727-200, the figure
below isrequired. The second term of the ShortCode is the location’s offset aft (in inches) from
the reference frame. A tilde (~) separates these frame numbers from the subsequent stringer
terms.

- < owu 8 2o 88 - <o
eicaagegsveesesnaesgegsifiiiRas dgticazanis
| ! L
130 - ] LEFT SIDE ONLY
i | v
! JLQDQ&GDDDGDDG siie)tuful{uliu] u]lul a} ulls] () (e] (s} (& is1 e} (o] ] ] s} iu](s] s s
| 'I i RH (OPTIONAL) - |
TR | L =3
TTIE T e
(|1 ez s ]
Bloigez ‘ :
w—lﬁq l:--q ENTRY DOOR  GALLEY DOOR  CARGO DOOR EMERGENCY Em"r Im«m‘ggg:l. CARGO DOOR CARGO DOOR
b B
EMERGENCY EXIT iEERF¥Ig$IDD°DR
RIGHT StDE LEFT SIDE VIEW

727-200 AIRPLANES

Figure 1-2: Fuselage Station Diagram
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The third term in the ShortCode is the nearest stringer to the location. Stringers are numbered
from Str-1 on the crown center line to Str-30 on the bilge centerline. Except for Str-1 and Str-30,
al stringers are labeled Ieft or right. For example, the two uppermost lap joints are at Str-4L and
Str-4R on the left and right sides, respectively.

The forth term is the location’s offset circumferentially ( in inches) from the reference stringer.
Since the stringer numbers increase from crown to bilge, a + offset is towards the bilge, while a—
offset is towards the crown. For example, al locations on the lower row of the Str-4R lap joint
will have a + 1.0 offset. Anocther tilde separates the stringer data from the 3 letter crack
identifier. The crack identifier is a three letter code, as shown in the figure; the first two letter
identify the structure affected (skin, splice strap, etc.), and the last letter identifies the crack
geometry (from hole, from edge, etc.).

The ShortCode allows a knowledgeable user to decode a location without resorting to a specific
damage map. For example, “540+11.0~4R+1.0~LSH" refers to a hole in the lower row, lower
skin of stringer 4-right lap joint, 11 inches aft of the FS 540 frame.

For any location, especially a fastener hole, there may be more than one crack present. In this

case, the primary keys are the ShortCode and a Crack Number. Crack Numbers are assigned in
sequence starting from 1 according to Figure 1-3 below.

Increasing
Crack Number
e

FWD

Figure 1-3: Crack Numbering Convention
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2 TUTORIAL

The purpose of the tutorial is to provide a quick walkthrough of the database functionality. In
addition, the tutorial acts as an evaluation script for a standard beta test. A user questionnaire
follows this tutorial/script in section 2.6. More detailed descriptions of the data tables are
contained in section 3.

Please note that the database and its user interface are still under development, and that the
windows, steps, and data shown in this tutorial may not fully reflect the user interface. For
example, it is generaly acceptable to click “Yes’ to create a table when prompted, even if that
step isnot explicitly caled out in thistutorial.

Step 1:  Insert “Disk O0: Database and Documentation” into your computer’s CD drive.
Step 2.  Double-click on "727-Q9v2.mdb" on the PC

The database opens to the "User Settings' form.

5 Preferences

User Settings and Preferences

Thiz wversion of the database requires the user to enter the data belowy in order to viesy or add photographs. This
windony will open every time the databaze iz started, and can alzobe accesszed throughithe "Settings" button on the Main Menu.

Path to storage locations for graphics files, such as "Iv" or "COWINNTProfiles'y 23456 0esktop”
Do not use a path with spaces.

CDPath: EN

Maote: This is an unrelessed, unfinished database version. 4
Compiled 124 452004 Accept

Step 3: "Browse" to the CD drive letter (i.e., "E:\") and press "Accept”. This setting allows for
the minimum amount of data to reside on the PC, with the vast majority remaining on
CD. If you prefer, you can copy the contents of all CD's to a hard drive - if so, then
"Browse" to that |ocation.

Step 4:  Press“Accept”. The database will open the“Main Menu” form.
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5 Main Menu E|

vﬁgén templates for standard queries

Cluery existing Experimental Results

Read Documentation

Adjust User Preferences

727 Destructive Evaluation
Step 5
(Ed4d: | Add locations to the Datéﬁgsé 7
Add/iew records in the Fractography Database
T Add Photographs and MDI Screens O
o AddAdiew records to Experimental Results ?m
Cluit

Close and Cuit Database

This tutorial will run through three standard queries that have been developed. The tutorial
provides an introduction to the volume of fractography and NDI assessment data available in this
relational database. More detailed information on the tables and queries is contained in Section

3.
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21 CREATE A REPORT OF INSPECTION AND FRACTOGRAPHY RECORDS

Step 5: Press“?’ to open to Standard Queries form. Thisform is amenu leading to three query
builders. Press “Report” to create an integrated report from NDI and Fractography
records.

E Standard Queries

727 Destructive Evaluation

Standard Queries

ait|| Create a Report from Inspection and Fractography Records

Phota | Find Photographs meeting description

Cloze

Step 6:  Press “Report” to open the Inspection/Fractography Data Query form. Thisform alows
the user to construct a printed report combining inspection and damage characterization
results for select locations.

Step 7:  Fill in values for the Fuselage Station range and stringer as shown above. The form can
filter results to only those with specific inspection findings, or you can “Output all
results’.

ES Inspection Query Form : Form E|@E|

727 Destructive Evaluation

Inspection/Fractography Data Query

Frame and Stringer Range ! :
Between FS | 540 and F5 7208

Step 7
Along String S- 4R (W

with these inspections findings:

Field Inzpections Pre-Teardown Inspections
D DY
! External LFEC . External LFEC
ernal MFEC - Internal MFEC S8
Step 7

4 Output all results within Frame and Stringer Range
[Overrides Inspection Finding choices above)
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Step 8:  Press i to generate the report. The database creates a new table with the results of
your query, so Access will prompt with a message box similar to the below.

Microsoft Access

You are about to paste 549 row(s) into a new table.

! Once you click Yes, you can't use the Undo command to reverse the changes.
Are you sure you want to create a new table with the selected records?

Step 9: Press “Yes’ to create a table of query results. A preformatted report will be created,
similar to that shown below.

240+05 7~4F +1 .0~L5H

Fiald Inspecions Pre-Teardown Inspections

R DT R MFEC (Fud) R DT R MFEC {Fwd T

MF  LFEC R MFECAR MF  LFEC R MFEC{AR) R Csoam
Fastener and Hole Quality Parawm elers MR Rivetoheck(Fwd) MNF  MOT (Fed —  FibmXvay
AFT+E0 Fiver Tilr Corrarion: Mo Significant MF  Rivetchecl (451} MF MET (A - Dhgital F-vay
0106 Maw Tl Fright Fole Cualin: Sigrificant drc. flawe - M (Fred) R TarboldONFwd -  Dvescan
0082  MnTal Heght  Sypface Defeoss: Light gouges wiscratches = MPM(4) R TrboMOM4A  NF  deay FC
Gatk  ReddftDimmaier: o o e oS w bl sy  AERS
0.21 Orher Diameter - Eddysoan R NAS4 GMR - RFEC

Yes Unbvolten Edges Deformed Meral  Edge deformation w/ little overflow
Ma Dnill Bhavings Hole Crached:  “es

Figure 2-1: Inspection Report

This report integrates the most significant fractography and inspection data for al locations
within the selected range. The specific location shown, 540+05.7~4R+1~LSH, is in the lower
row, lower skin, of the stringer 4R joint. The results for each inspection method are coded as
follows:

- “--* theinspection was not performed

- “NF: the inspection was successfully performed, and resulted in no crack findings

- “NR”: the inspection was successfully performed, with no definitive crack indications that are
rejected (i.e., called suspect) by the inspection procedure. However, characteristics in the

NDT return suggests that cracking may exist that is below the detectable threshold.

- “R": theinspection was successfully performed, and returned a rejectable crack indication.
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Step 10: Press “Close” above the report to return to the Inspection/Fractography Data Query

form.

Step 11: Press “Close” on the Inspection/Fractography Query Form to return to the Standard
Queriesform.
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2.2 CONDUCT A PARAMETRIC STUDY OF CRACK INITIATION

E Standard Queries

727 Destructive Evaluation

Standard Queries

Create a Report fram Inspection and Fractography Records

Step 12
Open | [Create a Parametric Study Template

Phato | Find Photographs meeting description

Claze

Step 12: From the Standard Queries form, Press “ Open” to open the Parametric Studies form.

E=S Parametric Studies EIEJEJ
727 Destructive Evaluation

Parametric Studies

Query Options Hit/Miss Inspection Data Other Parameters
Field Inepections Pre-Teardown Inspections
Ciptionz for Combining Cracks " P -4 Frame Bary -} Inches Aft
DV 4 .
clude A sum 4 Dl 3 Stringer 4 Inches Down
) LFEC
O Maximum 0 Count -4 EFEC .} Crack Crigin @C
' MFEC
i Average 4 MFEC J Crack Depth
Emerging Technology Inspections
e~
4 Jentek kAR -4 Structural Anomaly Mapping -4 Tail Height -4 Tail Titt
- :
2 4 Film -ray J Digital Radiooraphy Tail Diameter - Corrosion
< Magneto-Optical baging ) Turbo MCI I Hole Gualt J Fretting/Galli
Options for Inspection Results bR LI AR LR
utput as "RY "NR, or "NE" - Array EC 3 Trescan _} Surface Defect .} Deformed Edges
O Output as 0 or 1 4 MALS Rotoscan J MALUS Rasterscan 3 Drill Shavings 3 Unbroken Edges
-} Maortec EddyScan J ACES
) RivetCheck ) MASS GMR
-} Remaote Field EC -4 C-scan

Step 14 Run Cloze

This form creates a table of results for the parameters you choose to include. Use the radio
buttons to select between study options.

Some fastener holes were found to have four or more cracks on the same side of a fastener hole.
The “Options for Combining Cracks’ determines how to treat these cases — whether each crack is
be output separately, or if an aggregate function such a “maximum” or “average’ is be used to
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combine them. Crack level parameters “Crack Origin”, “Crack Direction”, and “Crack Depth”
are only available if “Include All” is selected. For this tutorial, use the radio button to select
“Include All”.

Step 13: Select parameters to be output in the parametric study. For this tutorial, select “Crack
Origin” and “Tail Diameter”

Step 14: Select “Run” to start the query.

Microsoft Access

You are about to paste 248 row(s) into a new table.

Once yvou click Yes, vou can't use the Undo command ko reverse the changes,
Are wou sure wou wank to create a new table with the selected records?

E;

Step 15: Select “Yes’ to create the table of results. All results should have at |least one of three
possible lengths reported: length along the faying surface, length at the crack tip, and
length opposite the faying surface.

| B tTEMPParametricResult ; Table F:I[_EIEI

| Shotcode Oinierdalion | Fay Surface Lergth | Length at Tip | Cuter Length Directian | Fuwih- At Hitwet Diig Other Rivet Dia &
k480403 F-4R+1 0-LEH Adt 0.02e 5 0.226 02
480+ F~4F+1 ~_5H Frnd 0016 40 0.233 0.234

480+ F~dF+1 ~_5H LA n.o3 10 0.233 0.234—
JA0HM F~4R+ ~L5H Lfi 0064 & 0.233 023
JA0HIE T~ 41 O~L5H At 0o1g 15 0.297 0.8
AA040E T4 R+ D~LEH Aft 025 1] 0.217 0.M8
JA0HIE T4 41 O~L5H At 0.034 -10 0.2497 0.8
A80+07 94 F+1 .D-LSH Fud n0.01e an 0.205 0.208
480407 9-dR+1 .0-L5H Fusd 0027 -0 0205 0.208
480407 94 F+1 D-LSH At 0.12m -15 0205 0.208
AA0+H1G F=dF+1 I~L_5H A 0.0 ] 0.2 0217
480415 B~4R+ O~L5H Lt 0.067 10 0.221 0217
S00H1E F~dR+1 I~_5H Frd 0.037 0032 0 A5 0215 0217
EMNHE Tad B4 Nl SH LAt nr7r nRd n n n1s nM?

Figure 2-2: Table Resulting of Parametric Study Query
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The intended functionality is that this table of data is ready to be exported into another
application for analysis. Exporting data from MS Access to MS Excel is relatively seamless as
both Microsoft Office applications. If desired, copy the “Fay Surface Length” and “Direction”
columns in the database, and then “Paste Special” as text into Excel. Using the “Chart Wizard”

and some formatting, you can plot the results as shown below.

90 -
70 -
2 50 ~ . . .
o o * o o ¢
o 30 - & *o 0 * .
(] o o 0o LI 4 . 00 .
=) SO, o8 04 000t 0
= 10 - g &. ™ s 0“ o0 5 * *
2 R4 LA 0’0':’ *» ¢ o
S -10 - & 3¢ o *
o * . . S
3 LIRS 0 o0 . .
*
~ -30 - 6 O e o .
) o oo
T o o IR .
o s o0
O 501 o o L 24 .
> 9¢ I %
-70 2 X4 *
o *
'90 L 4 T T T 1
0 0.05 0.1 0.15 0.25

Crack Length (inches)

Figure 2-3: Example Plot of Crack Direction vs Crack Length Parametric Results
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2.3 CONDUCT A PARAMETRIC STUDY OF CRACK DETECTION

E Standard Queries E“EJE|

727 Destructive Evaluation

Standard Queries

Create a Report from Inspection and Fractography Records
Step 16

Open ‘ Create a Parametric Study Template

Photo | Find Photographs meeting description

Cloze

Step 16: From the Standard Queries form, Press “Open” to open the Parametric Studies form.

E= Parametric Studies

727 Destructive Evaluation

Parametric Studies

Query Options Hit/Miss Inspection Data Other Parameters
Options for Camkining Cracks Field Irspections Pre-Teardown Inspections : } Frame Bay ) Inches Aft
2Dl 9
Jnelude A1 7 Sum oy L - Dvl ¥ Stringer 2} Inches Down
@5 iU Count e 4 Crack O &
_J MFEC
" syerage Step 17 .} MFEC i

Emerging Technology Inspections

©" Opposte Sides Separste L Jertek MM ) Structursl Anomoly Mapging . Tail Height J Tail Tit
@Opposi“e Sidegs Conbiee . Film He-ray ) Digital Raciography - Tail Digmeter . Corrosion
ontions ffrn);; HiorHasite 2 Magneto-Optical Imaging ) Turkbo MOI . Hole Guuslity .} FrettingiGaling
C Output 2 "R""NR, or "NF* b Array EC .2 Trescan ) Surface Defect .} Deformed Edges
Output 25 0 o 1 - MALS Rotoscan 2 MAUS Rasterscan ) Drill Shavings < Unbroken Edges
Step 19 -} Mortec EddyScan _} ACES
.} RivetCheck ) NASA GMR
-} Remate Field BC 4 C-zcan

Step 20 Run | Elose|

Step 17: Under “Options for Combining Cracks’ select “Maximum”.

Step 18: Select “Opposite Sides Combined”. Selections in steps 17 and 18 together will return
the single largest crack at each hole location.
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Step 19: Select “Output as 0 or 1”. This option returns all rejectable indications as 1, al non-
rejectable indications and misses as 0, and al locations with no inspection as “-- “.

Step 20: Select “Run” to start the query.

Microsoft Access

You are about to paste 86 row(s) into a new table.

\::./

Once you click Yes, vou can't use the Undo command to reverse the changes.
Are wou sure you want bo create a new table with the selected records?

Step 21

Step 21: Select “Yes’ to create the table of results.

E tTEMPParametricResult : Table

Shortcode Maxirmum Length Pre-Teardown D] |Field Insp LFEC
450+03 5~4R+1 0~LEH 0029 o 1
450+04 7~4R+1 0~L5H 00340 1]
480+05.7~4R+1.0~L5H 00340 a
4830407 9~4R+1.0~L5H 01230 a
430+058.9~4R+1.0~L5H 0.057 0 0
A00+05 7~4R+1.0~LsH 0o7so 0
500+06.58~4R+1.0~LEH 00360 0
B |500+07 B~4R+1.0~L5H| 00560 0
500+08.8~4R+1.0~L5H 01050 1]
500+10.0~4R+1.0~L=H 0os3 o0 1]
500+11.0~4R+1.0~L=H 01491 a0
500+12.1~4R+1.0~L5H 00s3 o a
AO00+13.2~4R+1.0~L5H 00550 ]
500+14 2~4R+1 0~LEH 0oss 0 1]
520+04 7~4R+1 0~LEH 00380 1]
520+18 8~4R+1 0~L5H 0.067 0 0
520+10.0~4R+1.0~L=H 01231 0
520+11.0~4R+1.0~L=H 01251 1]
ENa1 7 1 aADd Maal - nAE7F 1 n

Figure 2-4: Table Resulting of Parametric Study Query

If desired, as in the previous section, “Copy” and “Paste Special” as text the Length, DVI, and
LFEC columnsinto MS Excel. Using the “Chart Wizard” and some formatting, can create a plot
of the detailed visual inspection results as shown below.
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Pre-Teardown DVI

X XX XXX XXX XX XXX X X
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Crack Length (inches)

Figure 2-5: Example of Hit-Miss Data Plot
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24 FIND PHOTOGRAPHS MEETING DESIRED CONDITIONS

E Standard Queries E“EJE|

727 Destructive Evaluation

Standard Queries

Repot] Create a Report from Inspection and Fractography Records

Open | Create a Parametric study Template

Photo || Find Photographs meeting description

Step 23 Cloze

Step 22: Put “Disk 1: FS 340 - FS 560", the CD containing the al graphics forward of FS 560,
into the CD drive

Step 23: From the Standard Queries form, Press “ Open” to open the Photograph Query form.

727 Destructive Evaluation
Find Photographs

Step 24

Frame'Bay | 540 =
Lacation | or =
Stringer 4R j

Mote Selecting a "Location overrides any "Frame Bay" and " Stringet" choices

ards and Phrases

macro Step 25

ARD OR ARD ARD NOT CR

Step 26

Close

Step 24: Use the pull down menus to select frame bay “540” and Stinger “4R”. This selection
filters the query result to the selected frame bay.

Step 25: Type the word “macro” into upper left box of the Boolean search field. This search will
find al photographs along Stringer 4R, FS 540 - FS 560, with “macro” included in the
photo caption.

Step 26: Press "Run" to start the search
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Microsoft Access

You are about to paste 65 row(s) into a new table.

! Once you click Yes, you can't use the Undo command to reverse the changes.
Are you sure you want to create a new table with the selected records?

Step 27: Select “Yes’ to create the table of results. At Q11 there will be several prompts in
sequence; respond “Yes’ to each, even to create O rows.

5| View Photographs

View Attached Photographs Clase

540405 .7~4F+1.0~LEH
Caption: 4
5404035 7~d4R+1 O~LZH~ Crack 2 macro @123 jpa

File Mame:
540405 7~4R+1 0~LSH~ Crack 2 macro @125 jpg

29

Step
Double-Click Picture to Open

Print & report of all photographs at this location

SteP 30
M |Large Formst - 2 pictures per page

ME | 2 Column Format - 12 pictures per page
—J Step 28
Record: 14 ] 4 | i e e |r] of 65

From this form, you have several options:

Step 28: Press [*] (the “Next Record” button) to advance through the photographs, and [*] to
move back.

Step 29: Double click directly on the picture to open the photograph in a separate application.
The picture will open in the application associated with that specific file type (most
commonly *.jpg). See Operating System documentation for instructions to change file
associations.

Step 30: Press = Large Format to create a report with two photographs per page, as shown in
Figure 2-6. This report allows the user to print a hard copy of the query result a an
acceptable detail level.

Step 31: Press “Close” to close the Large Format report and return to the View Attached
Photographs form.
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Sheel | Atached Phatographs
Tokld 33

F00E

[Feer: L) SO OET- 4R+ 1 0= LTH
Fle Wane: SeR05T- 4R+ 10 L2H- Crack 2 macrs § 12520pg
Cap SO OET #f+ 1 0= LTH- Cradk 2maTod 125%0pg

Lol SO T 4R 1 0= LTH
Fle Wane: S4R05T- 4R+ 10 L2H Crack | s | pg

Cagp o Crak IMagol

Figure 2-6: Large Format Report with Two Photographs per Page
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Step 32: “Copy” the ShortCode “540+05.7~4R+1.0~LSH” from the View Photographs form,
then press “Close” to return to the Photograph Query form.

E= Find Photographs

727 Destructive Evaluation

Find Photographs
Step 33
L2 Frame Bay v
Location | S40+03.7~4R+1 0~LSH s OR
Stringer |

Mote Selecting & "Location” overrides any "Frame Bay" and " Stringer choices

Containing Key Words and Phrases

ARMD OR ARD AMD MOT CR

Step 34 Run | Claze

Step 33: Paste the ShortCode “540+05.7~4R+1.0~LSH” into the location field, and clear the
other query fields (or type 540+05.7~4R+1.0~LSH into the box). This query will
retrieve al photographs associated with at this single location.

Microsoft Access

You are about to paste 8 row(s) into a new table.

I Once you click Yes, vou can't use the Undo command to reverse the changes.
Are wou sure you want bo create a new table with the selected records?

Step 34

Step 34: Press“Run” to start the query, then press“Yes’ to display the results.
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B View Photographs g|

View Attached Photographs Close

i —

540405 7~4R+1 0~L3H TETmE o TEmmim ks
Caption; e -

8E [ A%
Pre-Teardowwn Inzp. - Fwed MFEC Indication e, ok i

wF _E

Bi_ _§ -3

. FOB
File Mame: o, e

540405 7~4R+1 O~LSH-ptmfec-f.eps
Couble-Click Picture to Cpen

Print a repoart of all photographs &t this location
HE |Large Format - 2 pictures per page

— Step 35

HE | [2 Column Format - 12 pictures per psge

Rrecord: 14| < | T N

Step 35: Press "B «2 column format” to create a report with thumbnail view of all pictures, as
shown in Figure 2-7. Thisreport allows the user to view alarge number of photographs
at once, abeit at alow detail level.

There are two groups of pictures that will be returned. First will be graphics that are applicable
to the complete frame bay 540~4R, such as NDI techniques including x-ray and MWM. Second
will be those graphics associated only with location 540+05.7~4R+1.0~L SH.

In addition, the graphics for this location will be sorted by keywords in the photo caption In
genera, for any specific location, a query returns graphicsin order by:

Frame bay, then location

NDI screens, from Standard to Emerging
- Stereo fractographs, from low magnification to high

- SEM fractographs, from origin to crack tip
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Sheet 2 Atached Photographs
Total 23
TAQ200s
Locaton . Locada
SHHOST ~4R+10-LZH ﬁ "i"'a‘ i“"i .i. SI04057- IR+10-LSH
Fla Name: Bl e Fla Name:
SHHOST ~4R+10-L3H-m k- w1 R #-"a-a' SI0405T - AR+10- L3 H- hi ki
agps i 3 1ok vkw
1.
-
Capdin e Capton;

FEH lzpecton - ATtRFEC Inclication

SHH0ST- AR+ 0~ L3 H- s kR ho B vEW . jx)

Locafon

SHHOST ~4R+10-L3H

Fle Name:

SHHOST ~4R+1 0-LSH-m Bo-
Teps

Capdion

FE L lspecton - Fud RMFEC Liclcation

wall L, T Locabn
RS magT T SI04057- IR+10-L3H
ISl .

Fia Nanme!
i -
Ir."! ':1 E'}J SUD4057~ 4E+1 - LS HC rack

300gh e bok S0x)p

Capton:
CEck 30ThR In kok 5000

Locaon

SLHOST 4R+ 0-L3H
Fia Name.
SAHOST AR+ DL H
pnRo-Teps

Capdn ;

Pre-Tearlown nsp.- Fwd MFEC Idication

Locatn
SH0H05 T~ 4R+10-LZH
FlaName.

SU0H05T~ AR+ D LS H G rack
30 In kok 2001

Capton:
Coack 3TN I kok 200

Locaton
SHHOST -4R+10~L3H
FlaName.

SHHOST - 4R+ D-LSH
[ BC-agps

Capdn

Pre-Tearlown hp.- ATtMFEC lidication

Locadn

SI0405T- 4R+10-LSH

Fla Name.

SU405T- 4R+1 0- LS H-
CRCEI 0N b hok S0 g

Capdan

SHOH0ST~ AR+H1.0- L3 H- CRck3 Orhh In bok 5000 |p)

Locaton

SHHOST -4R+10~L3H

File Name.

SHHOST -4R+1.0-~L3H Crack
3 hok crack ata00 Jjs

Capthn ¢
CEck 3 Who b ¢ ok 3t 200

Locathn

SHH05T~ 4R+10-LZH

Flle Name.

SIS T~ AR+1 0~ LS H-C iack
3 Iz He bok =)

Candon:

SHOHIST- AR+ 0 LS H-Cmck 3 i ki hok Jj=)

Figure 2-7: Two Column Report
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The documentation is stored in Adobe's *.pdf format, and includes all of the contract
deliverables developed to date.

B Main Menu

Add

727 Destructive Evaluation

X

Add Locations to the Database

AddAiew Recaords in the Fractography Database

Add Photographs and MD| Screens

AddAiew Records to Experimental Results

ﬁp.én Templates for Standard Clueries

Query existing Expenmental Results

Step 37 | | i

Read Documentation

Settings

Cluit

Adjust User Preferences

Cloze and Quit Database

Step 36: Ensure that “Disk 0: Database and Documentation” isin the correct disk drive.

Step 37: From the Main Menu, select “View” to open the documentation menu. The
Documentation Menu will open in Adobe Reader or Adobe Acrobat.
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. Détalled We 01 k Plan Repm_. (Q_ ) : -""Test_-rBlaji Analysis :

* Aircraft Infnrmatwn ReEport - * Overview of Teardown Procedure

* Target Area Reponi: = * Damage Characterization Report (Q9)
* Field Inspection Rebortr.ff “izo2d e Data Analysis Report (09)
| * Inspection Capablllty .Reporf (Q9)

\
|

* Pre-Teardown Inspection Reporﬂ

Database Poetmicntation

* Specimen Removal Report

* Q11 Version Documentation

Step 38: For this tutorial, click on “Damage Characterization Report”. The report will open in
the same Reader window, as shown in Figure 2-8. Note that this report is available at
this screen as well.

Step 39: To return to the Documentation Menu, press “Shift + Alt + < (Shift, Alt, and left
Arrow simultaneously). Or, press escape and select “Edit\Go to Previous View” from
Adobe' s pull down menu.
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Figure 2-8: First Page of Data Analysis Report
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2.6 BETA TEST QUESTIONNAIRE

Thank you for your effort in completing the tutorial. Please complete the Beta Test
Questionnaire, Sections 1 and 2, and return it with any additional comment sheets to the fax
number below. E-mail to david.steadman@delta.com is also welcome.

To: David Steadman, Delta Air Lines
Fax: 404-714-5791
Voice: 404-714-0057

From:
Fax:

Voice:

Pagelof
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Questionnaire Section 1 © > o
5 -g o ()]
Based on your expected use of the data within this database, please rate the E '% 2 %‘
features listed below in their expected usefulness to you and your research. < % *% 5 g
Please list any features that that are not included but would be helpful toyou | | = | S | £
in an separate comment sheet. § g 513138
#=| 3| 3|3 E
3§ 8 82

1 Report of Inspection and Fractography Records (Steps 5 - 11)

1.1 Print areport combining NDI and characterization results for an area

1.2 Print areport for fasteners other than the lap joint critical rows

1.3 Output report data as atable

1.4 Combine tabular results and graphicsin a single report*

2 Conduct a Parametric Study (Steps 12 - 21)

2.1 Combine crack lengths using maximum, average, etc.

2.2 Distinguish between multiple cracks at a specific hole location

2.3 Conduct a parametric study including rivet installation and hole
quality parameters

2.4 Filter installation/quality results to specific parameters

2.5 Conduct a parametric study including NDI inspection results

2.6 Output inspection dataas“R”, NR”, or “F”

2.7 Filter inspection results to specific NDI types

2.8 Copy/Paste results into another application, such as M S Excel

3 Find Photographs (Steps 22 - 35)

3.1 View all graphicsfor a specific location

3.2 View all graphicsfor a specified area (e.g., aframe bay)

3.3 Compare NDI results and micrographs for a specific location

3.4 Filter graphics by keyword using the Boolean query builder

3.5 Print atwo-graphics per page report

3.6 Print atwo-column report (12 graphics per page, thumbnail sized)

4 Documentation (Steps 36 - 39)

4.1 View Documentation on the database itself (e.g., this report)

4.2 View Background data on aircraft usage, project work scope, €etc.

4.3 View project Results and Conclusions*

5 Features Not Listed (attach additional sheetsif necessary)

* Feature not present in current database version
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Questionnaire Section 2 © ©
= S
Based on your experience completing the tutorial , please rate the features | o % § .
listed below and their interfaces on their operation and ease of use. = 2 g % « | 5
a) S
S| < 2132
* For any features that are less than acceptable, please provide additional | -5 a L |z % 8 %
information on a separate comment sheet. Egl 818 2 823
S EEERY
>&| E|EEEQQ

1 Report of Inspection and Fractography Records (Steps 5 - 11)

1.1 Print areport combining NDI and characterization results for an area

1.2 Print areport for fasteners other than the lap joint critical rows

1.3 Output report data as atable

2 Conduct a Parametric Study (Steps 12 - 21)

2.1 Combine crack lengths using maximum, average, etc.

2.2 Distinguish between multiple cracks at a specific hole location

2.3 Conduct a parametric study including rivet installation and hole
quality parameters

2.4 Filter installation/quality results to specific parameters

2.5 Conduct a parametric study including NDI inspection results

2.6 Output inspection dataas“R”, NR”, or “F”

2.7 Filter inspection results to specific NDI types

2.8 Copy/Paste results into another application, such as M S Excel

3 Find Photographs (Steps 22 - 35)

3.1 View all graphicsfor a specific location

3.2 View all graphicsfor a specified area (e.g., aframe bay)

3.3 Compare NDI results and micrographs for a specific location

3.4 Filter graphics by keyword using the Boolean query builder

3.5 Print atwo-graphics per page report

3.6 Print atwo-column report (12 graphics per page, thumbnail sized)

4 Documentation (Steps 36 - 39)

4.1 View Documentation on the database itself (e.g., this report)

4.2 View Background data on aircraft usage, project work scope, €etc.

4.3 View project Results and Conclusions

5 Features Not Listed (attach additional sheetsif necessary)
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3  DETAILED DATABASE INFORMATION

3.1 DOCUMENTATION OVERVIEW

3.1.1 STATEMENT OF WORK REQUIREMENTS

This database supports Task 12 of FAA Contract DTFA03-02-C-00044, Documentation and
Database Development. The Statement of Work requires that the databases be developed using
commercially available software. Databases delivered shall also include documentation on
database structures, data record specifications, their usage and data retrieval. Data within the
scope of the Initial Database includes:

Rational for selection of the aircraft and structure analyzed
- Procedures and data from field and pre-teardown inspections
- Procedures used to remove structure from the aircraft

- Dataand results of all inspections including delivery of signal response datain the form of an
electronic database

- Data characterizing the state-of-damage including:

- Fatigue crack distributions, locations, shapes and sizes

- Damage initiation mechanisms and locations

- Reconstructed fatigue crack growth histories

- Quantification of corrosion, disbonds, fretting damage at faying surfaces, and other damage

3.1.2 DATA FORMATS

The data collected and developed for this project are captured electronically in two forms.
General documentation reports of the aircraft service history, teardown procedures, fractography
methods, database documentation, etc. are stored in an Adobe® Portable Document Format
(*.pdf). The more specific data such as NDI findings fastener parameters, crack measurements,
microscope photographs and SEM striation counts are collected in a Microsoft® Access
Database.

These two formats were chosen in part because of they are readily available and in wide use
throughout the aerospace industry. Microsoft® Access is a component of Microsoft® Office, a
common suite of productivity software. The Adobe® Acrobat® Reader is available free of charge
at http://www.adobe.com.
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Within the database there are three broad data types :

Tabular Data — Data stored as records within a table. These tables contain all the quantitative
data from this project, such as crack measurements and inspections results. These tables aso
include qualitative data in tabular form, such as the qualitative hole quality indices and
comments collected during inspections and fractography. Tabular data is stored within the MS
Access Database.

Graphic Data — Data stored as a graphics file. This data type consists primarily of screen shots
taken during NDT inspections, and photographs, stereo micrographs and fractographs taken
during damage characterization. Graphic data require a significant amount of storage space, and
are stored as individua files outside of the MS Access Database. The MS Access Database
records associate tabular data to the pathname of each graphic file. These files are stored in one
of several common compressed graphic file formats, either *.jpg or * .tif.

Documentation Data — Data stored as a complete report. Data of this type includes the most
current deliverable reports under this project’'s work scope, including this report. At final
delivery, it will include reports of addressing all of the procedures, analysis, results,
recommendations, and conclusions resulting from this project. These reports are stored in
Adobe’ s Portable Document Format (* .pdf).
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3.2 TABULARDATA

Tables store the collection of data, and are the most basic structure within a database. Each row
in the table is a record, which corresponds to one unique instance of an object or event. Each
column in the table is a field, which corresponds to one property or quality applicable to each
object. For example, each record within the Field Inspection table corresponds to a specific
location, and the results from each type of NDI inspection type are fields. Fields can be
formatted as numbers, text, Booleans, or OLE objects.

The Database is relational, so the data tables are linked through the key fields. Data records are
defined on one of three levels, as listed below. This data structure is important towards
maximizing the performance of the database, as large data structures that are underused are
inherently wasteful and can kill the performance of alarge database like this one.

A primary data key is a field or sequence of fields which uniquely defines the data record, so it
cannot contain duplicates. For example, at the location level, the location short code uniquely
defines the position, so no duplicates are permitted and only one record per location is allowed.
At the crack level, many cracks at the same location are permitted, so the location and crack
number together make the record unique.

- Location Level: includes data which is valid for one location, typically a hole, regardless of
the number or absence of detected cracks. Primary Key: ShortCode (see section 3.2.1)

- Crack Leve: includes data that is valid for only one of (possibly) severa cracks at the same
fastener or damage location. Primary Keys: ShortCode and Crack Number (see section 3.2.2)

- Striation Level: includes data that is valid for only small area on a fracture surface, typically
defined by SEM stage coordinates. Primary Keys. ShortCode, Crack Number, and Striation
Number (see section 3.2.2.2)
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Large volume
of data on selected
cracks. (e.g. fracture
surface examination, striation
counts, many photo's)

>50 Cracks with SEM

Moderate volume of data on the locations with cracks
(e.g., crack length, faying surface conditions, a few

A 196 MFEC Indications
> 150 Cracks w/Teardown

Basic data on a large number of locations >12,920 Locations
(e.g., NDI results, fastener measurements) >1.300 S-4 Lower Row Holes

Figure 3-1: Schematic of Data Requirements
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3.2.1 LOCATION LEVEL TABLES

Most locations in the database correspond to a single fastener locations. For example, the lower
row fastener hole in the lower skin at S-4R, FS 442.6 is a single location. Data locations can
also be defined on stringers, clips, frames, and tearstraps. A standard nomenclature for locations
is shown in Figure 3-2. The nomenclature has 6 terms within 3 groups. @) the lateral location,
b) the circumferential location, and c) the structure and type of crack. This standard format has
several advantages:

The format allows someone experience with the project to know exactly where on the aircraft the
damage was located, without reference to a special map. FS stations and stringer numbers can be
determined from a general Fuselage Station drawing, or measured directly from the structure.

The format is expandable, so that new crack geometries or structures outside of those anticipated
to crack can be readily identified.

The format contains no characters that are unacceptable for afilename under MS Windows. This
alows all computer files associated to a crack location to include the location identifier in the
filename.

The format works even in the fuselage plug sections. Fuselage station (FS) numbers on the 727-
100 are equal to the distance aft (in inches) from a reference point 178" forward of the forward
pressure bulkhead. The 727-200 has two fuselage plugs to extend its length 240" over the 727-
100, but the fuselage station for the structure shared by both types retains its origina FS number.
Therefore, 727-200 FS numbers are not simple measurements from a reference point, and FS
stations for frames in the plugs section are text, such as“720A” (see Figure 3-3).

- Thereare four location level tables, where the ShortCode is the sole primary key, discussed in
subsequent sections:

- Photographs contains all of the graphic files associated with a specific locations.

- tFRieldinspection contains the results of the visual and standard NDT inspections performed in
thefield prior to aircraft disassembly.

- tlnspectionResults contains the results of the visual, standard NDT, and Emerging NDT
inspections performed in a controlled environment after aircraft disassembly, but before
fastener removal.

- Fractography contains all of the location level data from the Damage Characterization. Note
that much Damage Characterization datais at the Crack or Striation level.
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Frame Station + AFS~Stringer + AStr~StructureDetail
9999+99.9~9A+9 9~AAA

/

* O8 - Quter Skin
+ LS - Lower Skin

* H- Cracked Hole
* E - Cracked Edge

* FM - Fr?rne « R - Cracked Radius
= 8T - Stﬁlﬂger + X - Other Crack
*CL- CIIP * D - Disbond

= SP - Splice Strap * S - Strain Gauge

+ TS - Tearstrap

+ OT - Other Structure

Distance to nearest stringer(2 numbers, including 1 decimal)

+ Below or - above stringer (1 character)

Nearest stringer above or below location (1 or 2 numbers, 1 letter except at S-1)

Distance aft from frame (3 numbers, including 1 decimal)

Nearest fuselage frame, forward of location (3-4 numbers or letters)

Figure 3-2: Nomenclature for Damage Location Key (ShortCode)
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Figure 3-3: 727-200 Fuselage Stations
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3.2.1.1 Photographs

This table contains information for all of the photographs and NDT screen captures gathered
throughout the program that are associated with a specific ShortCode. There are only three fields
in this table in addition to the ShortCode:

- Photo Link, which is the file name of the graphic image
- Caption, which is the caption to be attached to the image.
See section 3.2.5.1 for the similar BayPhotographs table.

3.2.1.2 fFieldinspection

The results of visual and NDT inspections accomplished at each subject location. For high
resolution inspections that discriminate between different cracks, separate results are reported for
the forward and aft sides of a fastener hole. At each location, the inspection result is reported as
one of the following:

- “--* theinspection was not performed
- “NF: the inspection was successfully performed, with no crack findings

- “NR”: the inspection was successfully performed, with no reectable crack indications.
However, characteristics in the NDT return suggests that cracking may exist that is below the
detectable threshold. These results are subjective and based on comments from the NDT
inspector.

- “R": the inspection was successfully performed, and returned a rejectable crack indication. For
standard NDT techniques, these results are objective and based on well-defined threshold
criteria.

3.2.1.3 tlnspectionResults

Thislocation level table contains the inspection results for three series of inspections:
- the Field Inspection, performed outdoors on aircraft before disassembly in Victorville, CA.

- the Pre-Teardown Inspection, performed using standard NDI techniques in a controlled,
workbench environment after panel removal.

- The Emerging NDI Inspections, performed using a variety of non-standard NDI techniquesin
acontrolled, workbench environment after panel removal.

Results use the same nomenclature (“--“, “NF’, “NR”, or “R”) asin Section 3.2.1.1 above.
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3.2.1.4 Fractography

This location level table contains quantitative measurements and qualitative metrics taken based
on visual microscopy. Further details are outlined in the Q9 Damage Characterization reports.
The field within this table include:

Rivet driven head (i.e., rivet tail) diameter and height, measured in two places.
- Rivet tal tilt direction

- Hole Quality: aqualitative metric defined on the following scale:
(1) Clean or with minor circumferential flaws only
(2) Significant circumferential flaws
(3) Circumferential flaws (minor or major) with minor axial flaws
(4) Significant axia flaws

- Deformed meta at edge:
(1) Clean, no deformed metal
(2) Edge deformation (like a volcano)
(3) Edge deformation with alittle metal overflow
(4) Edge deformation with alot of metal overflow

- Drill Shavings Present (Y es/No)
- Unbroken hole edges (Y es/No)

- Faying surface defects:
(1) Clean
(2) Light scratches
(3 Heavy scratches
(4) Light gouges with or without scratches
(5 Heavy gouges

- Drill shavings/metal adhered to surface: (Y es/No)

- Fretting/galling:
(1) Nosignificant
(2) Mild galling
(3) Heavy galling
(4) Mild fretting (black oxide), with or without galling
(5) Heavy fretting

- Corrosion/Corrosion Products:
(1) Nosignificant
(2) Mild
(3 Severe
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Visual Microscopy of Fracture Surface
Crack length measurements ay, &, &, and c¢ (depth) are measured as shown in Figure 3-6.
The crack geometry is selected from a drop down list

& Is aways longer than as. If & is against the faying surface of the part, than it is a faying
surface crack. a ismeasured at the midpoint of c.
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3.2.2 CRACK LEVEL TABLES
The following datais collected through this window: Figure 3-4

Increasing
Crack Number
e

FWD

Figure 3-4: Nomenclature for Crack Key

There are two tables with data at the crack level:

Fract Visual contains data collected during visual stereo microscopy of each fracture surface

(see section 3.2.2.1).

Fract SEM contains data collected during scanning electron microscopy of each fracture

surface (see section 3.2.2.2). This table only contains data applicable to the entire fracture
surface; see section 3.2.2.2 for discussion of SEM data on the striation level.

3.2.2.1 Fract Visua

This crack level table contains all data applicable to a specific crack that is obtained using the
visua stereo-microscope. Field contained within this table include:

Crack Orientation: The gross crack direction with respect to the aircraft cardinal directions of
forward, aft, up (hoop +), down (hoop -), inboard, or outboard

Origin Angle: The location on a fastener where the crack started, as shown in Figure 3-5. In
the Figure 3-5 example, the origin of Crack 1 is 45°.

Crack Direction: The angle that best describes the crack direction from origin to tip, as shown
in Figure 3-5. In the Figure 3-5 example, the direction of Crack 1 is 25°.

Crack Lengths: The measurement of the crack at up to three locations. For a through crack,
those measurements would be along the faying surface, along the opposite surface, and the
longest measured length. A depth is typicaly reported, equal to the skin thickness for a
through crack. For a corner crack, the length measurements would include a crack length
along the faying surface, the longest measured length, and the crack depth. See schematic in
Figure 3-6.



ENGINEERING DEPARTMENT

SHEET 38 NO. 4-086803-20

TOTAL 45
ISSUE DATE 7/10/05
UP or Hoop+

AFT 4L> FWD

Viewed looking at the faying
surface of the lower skin

Crack 2

\300
180

}(— ¢, —»‘ |< ¢, >‘

)I
Part-Thru Corner Crack Thru Corner Crack

Figure 3-6: Measured Crack Lengths



ENGINEERING DEPARTMENT

SHEET 39 NO.  4-086803-20
TOTAL 45

ISSUE DATE 7/10/05

3.2.2.2 Fract SEM

This table contains al data collected from the SEM that is applicable to the entire crack surface.
Much of this datais afoundation for the striation level data discussed in section 3.2.3. Thefields
in thistable include:

- Stage coordinates to establish the fracture reference grid. These coordinates consist of x and y
stage measurements for a geometric reference point (e.g., the corner of the faying surface with
the hole bore) and for a point along the faying surface.

- Coordinates and description for each significant crack origin.

- Description of ductile pop-ins or other signs of unstable crack growth.

Note that there is no user interface form or report associated with this data at this time.
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3.2.3 STRIATION LEVEL TABLE

The only table at the striation level is FractStriation. This table contains that data collected
through SEM that is applicable to a specific area on a fracture surface. Recordsin this table are

used to capture striation counts, or to capture a crack front path across the surface. Fields within
this table include:
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3.2.4 TEMPORARY TABLES

Temporary tables are those data tables created as a results of the standard queries. These tables
are temporary in the sense that the data within is erased and repopulated every time the query is
accomplished.

3.25 OTHER TABLES
3.2.5.1 tLocations

This table is the fundamental list of all the locations within the database. This table is accessed
through the fNewL ocation form, includes fields necessary to add a new location and generate its
ShortCode:

- Frameisthe fuselage frame forward of the location. Because of the non- numeric plug frame
names (e.g., “720D"), thisframeisatext string. Thisis problematic for some operations. For
example, thetext “1178” is sorted before “360”, so ascending sorts on Frame put the locations
aft of FS 1010 in front of the forward stations. Also, though the reference frames are typically
20 inches apart, “720D” is not mathematically 20 inches different than “720C”.

- Sringer isthe nearest fuselage stringer, from S-1 to S-30.

- Delta-FSis the location’s distance aft of the reference fuselage frame, either in inches or in
hole locations (depending on the form setting), while Delta-FS-in is always in inches.

- Datum-FS which is the number of inches aft from a reference location. This field is
calculated from Frame and Delta-FS, except it is a number used for calculations and sorting,
addressing all of the issues discussed above at Frame.

- Delta-Sisthe location’s distance circumferentially from the reference stringer, either in inches
or in hole locations, depending on the form setting. Stringer-in-in is awaysin inches.

- The Pitch and Offset fields (LFastPitch, LFastOffset, CFastPitch, CFastOffsetfields) are
fastener spacing values used to compute location inches from hole number.

- Sructure and Detail fields define the nature of the damage or location, as shown in Figure
1-1.

Visua Basic code within the fNewL ocation form calculates the ShortCode from these values,
and populates the ShortCode field. Note that unlike the location level tables discussed in section
3.2.1, this table does not use the ShortCode as a no-duplicates key.

3.2.5.2 BayPhotographs

This table contains information on graphic images which are associated with a complete frame
bay, rather than with a specific ShortCode as in the Photographs table (see section 3.2.1.1). The
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location for these images isidentified by frame and stringer only, such as “540~4R” for the frame
bay aft of FS 540 along stringer S-4R. The four fields within this table are:

- Frameand stringer, to designate the image’ s location
- Photo Link, which is the file name of the graphic image
- Caption, which is the caption to be attached to the image.

3.2.5.3 tKeywords

This table contains the list of keywords contained in the photograph captions, such as “NDI”,
“Macro”, and “Striation”. This table has two fields: the keyword, and the associated sequence
number. The photograph query tool uses the sequence number to order the returned photographs
in the resulting form or report. In general, photographs are returned in the following order:

Frame bay photograph for a specific frame bay, then locations within that bay

NDI screens, from standard methods to the emerging methods

Stereo fractographs, from low magnification to high magnification

SEM fractographs, from origin to crack tip, and from low magnification to high magnification

3.2.5.4 Other reference tables

These tables contain reference information, and are used in drop-down menus to minimize data
entry errors:

- Framesisalist of all of the fuselage framesin the constant section of the B727
- Stringersisalist of al the stringers within the fuselage constant section

- Panelsisalist of the fuselage panel sections removed from the project aircraft, as designated
in the Target Structure Report.
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3.2.6 QUERIES

Queries are used to extract data from the tables using questions presented in a predefined format.
The query result typically contains the data from each record that satisfies the given criteria. For
example, to determine which locations in the Field Inspection Table had rejectable LFEC
indications, a query would be applied to the table to filter all records where the LFEC field
contained “rejectable”. The result of the query is atable containing only those records.

Currently there are five queries within the database, with more to be developed. Detailed
specifications for each Query are contained in Appendix A. There are several queries which are
described in this report but are hidden in the database. These queries should not be modified by
the user since they are integrated into a form operation.

3.2.6.1 gL ocations

This query orders the entries in the tL ocations table into an intuitive order. The locations in
tL ocations are in no particular order. gL ocationsisthe same data, but order by

1. Reference Frame (using Datum-FS)

2. Reference Stringer, S-1 to S-30, left then right
3. Inches Up/Down from Stringer

4. Inches Aft of Frame

This sequence means that datais generally reported from airplane nose to tail. But at alap joint,
al the upper row fasteners within a frame bay reported together fore-to-aft, followed by the
stringer locations fore-to-aft, followed by the lower row fasteners.

3.2.6.2 glnspection

This query combines data from the two tables of inspection results, tFieldlnspection and
tInspectionResults (see sections 3.2.1.2 and 3.2.1.3), into a single table, order as in section
3.2.6.1.

3.2.6.3 qTEMPPhotoUnion and gT EM PPhotoResultCombined

gTEM PPhotoUnion combines the bay level photographs of tTEM PPhotoResultBaySorted with
the location level photographs of tTEM PPhotoResultSorted. TEM PPhotoResultCombined
orders gTEMPPhotoUnion by the sequence field, to order the photographs by keywords in the
forms and reports.
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3.3 OTHER DATABASE ELEMENTS

In addition to the tables, there are several other elements that make up the database:

Forms provide a graphical user interface for working with the database. Tables and queries can
be edited directly, but this editing requires user expertise in MS Access. A form provides a
method to perform the same tasks in a user-friendly way. Forms can be written to populate
tables, build queries, write reports, and many other database tasks. Some of the most critical
forms are:

- Start_Screen isthe main menu form, with links to forms to accomplish specific tasks.

- fNewL ocation is used to add a new location to the database, populating tL ocations table (see
3.25.1)

- fStandardQueries is the link to the three query functions below. In each case, Visua Basic
code within each form is used to build a custom SQL query.

Inspection Query Form is used to generate a report of inspection and characterization
results, asin section 2.1 of the tutorial.

fPODParametric is used to perform a parametric study of inspection and characterization
tabular results, asin sections 2.2 and 2.3 of the tutorial.

fFindPhoto is used to find photographs meeting certain conditions, as in section 2.4 of the
tutorial.

- Preferences sets the user preferences, limited at this version to the location of the image files
(path to CD or hard drive).

Reports are a pre-formatted output, typically based on a query result. Just as a form is a user-
friendly way to input data or commands, areport is a user-friendly way to output data.

r TEM Pl nspectionResults is the inspection/characterization report shown in Figure 2-1.
r TEM PPhotoResult is the Large Format report shown in Figure 2-6.
r TEM PPhotoResultColumn is the two column report shown in Figure 2-7.

Modules are Visual Basic codes typically included in the design of a Form. Often this code
executes based on an event within the form, such as when the user presses a particular button.
VB codes also caculate quantities within the form. For example, the user of the SEM form
inputs striation counted over what distance, and at what location; VB code within the form
calculates the associated crack growth rate and the distance from the origin.
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4  PLANNED ENHANCEMENTS

The database at its current revision satisfies the requirements of the Initial Database in that it
provides a rigorous structure to capture the data collected during Phase 1 of the project.
However, it is expected that the database will undergo significant revisions as the project
proceeds and the nature of the data collected evolves. Some additions and changes currently
planned to the M'S Access database include:

- Improved keyword capability to sort the returned photographs. The database currently
includes the sort feature, but the keywords used in the captions and the specifics for an
intuitive sequence are still being improved.

- Tablesto contain results from the FASTER testing. Graphical results can be incorporated into
the existing table, but additional tables are required to capture strain gauge and crack length
measurements as a function of cycles.

- Forms and reports to output the striation level data. The tables have aready been
incorporated, but standard methods of data output have not been accomplished.



